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(54) POROUS ORGANIC SEMICONDUCTOR 

(57)Abstract: 

PURPOSE: To provide a porous organic semiconductor having excellent heat- resistance and 
oxidation resistance, consisting of a heat-treated product of a specific aromatic condensation 
polymer having a polyacene skeleton structure with a specific C/H atomic ratio and containing 
minute interconnected pores. 

CONSTITUTION: An aromatic condensation polymer obtained by the condensation of an 
aromatic hydrocarbon compound having phenolic hydroxyl group and an aldehyde is heat- 
treated to obtain a porous semiconductor having a polyacene skeleton structure with a C/H 
atomic ratio of 0.6W0.05 and containing interconnected pores having average diameter of £10 
urn. It can be produced by pouring an aqueous solution containing a precondensate and an 
inorganic salt into a mold, heating the solution while suppressing the evaporation of water to 
obtain a hardened product having the form of a film or cylinder, removing the inorganic salt 
therefrom, and heat-treating the resultant porous cured condensate in a nonoxidizing 
atmosphere at 400W800°C. 
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[Claim(s)] 

[Claim 1] It is ****** with the heat treatment object of the aromatic series system 
condensation polymer which is the condensate of the aromatic hydrocarbon compound and 
aldehydes which have a phenolic hydroxyl group (a). The atomic ratio of a hydrogen atom / 
carbon atom has the poly acene system skeletal structure which are 0.6-0.05 (b). It has the free 
passage hole of 10 micrometers or less of average apertures, and is (c). Porous organic 
semiconductor characterized by what the three-dimension network structure is shown for 
through many free passage holes. 

[Claim 2] A porous organic semiconductor given in the 1st term of the range of the application 
for patent whose aromatic series system condensation polymer is the condensate of a phenol 
and formaldehyde. 

[Claim 3] A porous organic semiconductor given in the 1st term of the range of the application 
for patent whose atomic ratios of a hydrogen atom / carbon atom are 0.5-0.15. 
[Claim 4] A porous organic semiconductor given in the 1st term of the range of an application for 
patent with the free passage hole of 0.03-10 micrometers of a majority of average apertures. 
[Claim 5] A porous organic semiconductor given in the 1st term of the range of an application for 
patent which has the poly acene system skeletal structure whose atomic ratio of the oxygen 
(atom O) / carbon atom (C) is 0.06 or less. 

[Claim 6] A porous organic semiconductor given in the 1st term of the range of the application 
for patent whose porous organic semiconductors are a film, a plate, fiber, or those complex. 
[Claim 7] By the heat treatment object of the aromatic series system condensation polymer 
which is the condensate of the aromatic hydrocarbon compound and aldehydes which have a 
phenolic hydroxyl group, (A) ******, (a) The atomic ratio of a hydrogen atom / carbon atom has 
the poly acene system skeletal structure which are 0.6-0.05, and has the free passage hole of 10 
micrometers or less of (b) average apertures. And the porous organic semiconductor 
characterized by consisting of the porous insoluble and infusible nature base in which the three- 
dimension network structure is shown through the free passage hole of (c) large number and (B) 
electron donor dopant, and/or an electronic receptiveness dopant 

[Claim 8] A porous organic semiconductor given in the 7th term of the range of the application 
for patent which shows larger electrical conductivity than the electrical conductivity of the 
above-mentioned porous insoluble and infusible nature base (A). 

[Claim 9] the [ in which an electron-donative dopant contains a lithium, sodium, a potassium, a 
rubidium, and caesium ] — the claim which is 1 A group metal — a porous organic semiconductor 
given in the 7th term. 

[Claim 10] A porous organic semiconductor given in the 7th term of the range of the application 
for patent whose electron-donative dopant is a tetrapod (C1 - C5 low-grade alkyl) ammonium 
cation. 

[Claim 11] A porous organic semiconductor given in the 7th term of the range of the application 
for patent whose electronic receptiveness dopants are AsF5, PF5, and a halogenide like BF3, 
BCI3, BBr3, and FeCI3. 

[Claim 12] A porous organic semiconductor given in the 7th term of the range of the application 
for patent whose electronic receptiveness dopant is a halogen like a fluorine, chlorine, a bromine, 
and iodine. 

[Claim 13] an electronic receptiveness dopant — the oxide of the nonmetallic element like S03 
or N 205, or H2 — the claim which is an anion originating in S04, HN03, or the inorganic acid 
like HCI04 — a porous organic semiconductor given in the 7th term. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[Industrial Application] 

This invention relates to a porous organic semiconductor. Furthermore, it is related with the 
porous organic semiconductor which is the heat treatment object of the aromatic series system 
condensation polymer which is the condensate of the aromatic hydrocarbon compound and 
aldehydes which have a phenolic hydroxy! group in detail. 
[Description of the Prior Art] 

Polymeric materials are excellent in moldability, lightweight nature, and mass-production nature. 
Therefore, taking advantage of these properties of polymeric materials, desire of the organic 
polymeric materials which have semiconductance electrically is carried out in the industrial field 
of many including the electronics industry. It is difficult to fabricate to the shape of a film, a 
plate, etc., and it has the property as an impurity semiconductor of n mold or p mold, and the 
early organic semiconductor was limited also in application the inside **** sake. 
It is ****** that it is possible to consider as the organic semiconductor of n mold or p mold 
therefore for the organic semiconductor which was comparatively excellent in the moldability to 
comes to be obtained in recent years, and to dope an electron-donative dopant or an electronic 
receptiveness dopant to these semi-conductors moreover. There is polyacethylene as an 
example of representation of such an organic semiconductor. Although this organic 
semiconductor has the electrical conductivity of about 10-5 (ohm-cm)-1, therefore, electrical 
conductivity can be sharply raised with doping electron-donative dopants, such as an electronic 
receptiveness dopant of 12 and AsF5 grade, or Li, Na, and the conductivity of 102 to 103 (ohm- 
cm)-! is obtained. However, polyacethylene has the fault which is therefore easy to oxidize in 
oxygen. For this reason, it is difficult to deal with it in air, and it lacks in practicality as an 
industrial ingredient. 

Moreover, it changes from the insoluble and infusible nature base in which the atomic ratio of 
****** j an d a hydrogen atom / carbon atom contains the poly acene system skeletal structure 
of 0.60-0.15 by the heat treatment object of the aromatic series system condensation polymer 
which consists of (A) carbon, hydrogen, and oxygen, and (B) electron-donative doping agent or 
an electronic receptiveness doping agent to JP T 58~1 36,649,A concerning application of the same 
applicant as this application, and the electrical conductivity organic macromolecule system 
ingredient whose (C) electrical conductivity is size from this non-doped base is indicated. The 
above-mentioned insoluble and infusible nature base is excellent in heat-resistant oxidation 
resistance, and, moreover, therefore, can be doped to an electron-donative doping agent or an 
electronic receptiveness doping agent as above-mentioned, and the organic semiconductor in 
which the property of p mold or n mold is shown is given. However, a porous base or a porous 
organic semiconductor is not **** indicated by the above-mentioned open official report 
As a porous body which, on the other hand, has the free passage pore excellent in thermal 
resistance and chemical resistance, the ceramic porous body or the carbon porous body is 
known, and it is used in the industrial field of many including ** material. 
However, the porous organic semiconductor excellent in thermal resistance and chemical 
resistance is not yet developed today of the hi-technology age, although social needs are very 
large. 

[Problem(s) to be Solved by the Invention] 

The purpose of this invention is to offer a porous organic semiconductor. 

Other purposes of this invention are to offer the porous organic semiconductor excellent in 

thermal resistance and oxidation resistance. 

The purpose of further others of this invention is to offer the organic semiconductor which has 
the free passage hole of a large number which can dope quickly an electronic receptiveness 
dopant and/or an electron-donative dopant to homogeneity. 

The purpose of further others of this invention is to offer the organic semiconductor which 

doped the electronic receptiveness dopant and/or the electronic receptiveness dopant. 

The purpose of further others of this invention is to offer the porous organic semiconductor in 
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gestalten, such as the shape of a film, and tabular. 

The purpose of further others of this invention is to offer ************ with the detailed free 
passage hole which is easy to produce various chemical reactions or physical adsorption. 
The purpose and advantage of further others of this invention will become clear from the 
following explanation. 

[The means and operation] for solving a trouble 

According to this invention, the above-mentioned purpose and advantage of this invention By 
the heat treatment object of the aromatic series system condensation polymer which is the 
condensate of the aromatic hydrocarbon compound and aldehydes which have a phenolic 
hydroxyl group, ******, (a) It has the poly acene system skeletal structure whose atomic ratios 
of a hydrogen atom / carbon atom are 0.6-0.05. And (b) It has the free passage hole of 10 
micrometers or less of average apertures (c). Therefore, it is attained by the porous organic 
semiconductor characterized by what the three-dimension network structure is shown for 
through many free passage holes. 

The aromatic series system condensation polymer in this invention is the condensate of the 
aromatic hydrocarbon compound and aldehydes which have a phenolic hydroxyl group. As this 
aromatic hydrocarbon compound, although the so-called phenols like a phenol, cresol, and a 
xylenol are suitable, it is not restricted to this, for example. For example, the following type 



here, independently, x and y can be methylene-bisphenols which are 0, 1, or 2 and which is come 
out of and expressed, or can also be hydroxy-biphenyls and hydroxy naphthalene, respectively. 
Phenols, especially a phenol are [ among these ] suitable practical. 

The denaturation aromatic series system polymer which is the condensate of a xylene, the 
denaturation aromatic series system polymer, for example, the phenol, which permuted the one 
section of an aromatic hydrocarbon compound which has a phenolic hydroxyl group further as an 
aromatic series system condensation polymer in this invention with the aromatic hydrocarbon 
compound, for example, a xylene, which does not have a phenolic hydroxyl group, toluene, etc., 
and formaldehyde can also be used. 

Moreover, formaldehyde is suitable although not only formaldehyde but an acetaldehyde and the 
aldehyde of others like a furfural can be used as an aldehyde. As a phenol formaldehyde 
condensate, ****** is also good at any of a novolak mold, resol molds, or those composites. 
By the heat treatment object of the aromatic series system condensation polymer like the 
above, the porous organic semiconductor of this invention is ******, for example, a degree, and 
can be made and manufactured. 

The aromatic hydrocarbon compound which has the aromatic hydrocarbon compound or phenolic 
hydroxyl group which has a phenolic hydroxyl group, the aromatic hydrocarbon compound which 
does not have a phenolic hydroxyl group, and the initial condensate of aldehydes are prepared. 
Prepare a water solution including this initial condensate and mineral salt, and this water solution 
is slushed into a suitable mold. This water solution is heated inhibiting evaporation of moisture. 
Within this mold Subsequently, for example, tabular, It hardens and changes into the shape of a 
film, and the gestalt of cylindrical **, the mineral salt which washes this hardening object after 
that and is contained on this hardening object is removed, and the porous hardening 
condensation product subsequently obtained is heated and heat-treated to the temperature of 
400-800 degrees C in a non-oxidizing atmosphere. 

the hole used in order that the above-mentioned mineral salt used with an initial condensate 
may be removed at a next process and may give a free passage hole to a hardening object — it 
is a formation agent, for example, they are a zinc chloride, sodium phosphate, a potassium 
hydroxide, or a potassium sulfide. A zinc chloride is used especially preferably among these. 
Mineral salt can be used in an initial condensate, for example, 2.5-10 weight twice, amount The 
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porous hardening object which has a free passage hole in an amount smaller than a minimum 
does not become large and have the inclination more desirable than an upper limit for the 
mechanical strength of the heat treatment object finally obtained in many amount to fall difficult 
to get again, the mineral salt to be used should boil the water solution of an initial condensate 
and mineral salt seeds — although intermediaries also differ, it can prepare using twice [0.1 - 1 
weight ] as many water as mineral salt. In this way, the water solution which has the viscosity of 
100,000 to 100 centipoise is slushed into a suitable mold, for example, is heated by the 
temperature of 50-200 degrees C. It is important in the case of this heating to inhibit 
evaporation of the moisture in a water solution. That is, it is thought that it grows up to be the 
three-dimension network structure, hardening an initial condensate gradually in response to 
heating, and dissociating with a zinc chloride and water into a water solution. 

fully washing the acquired hardening object with water or dilute hydrochloric acid — therefore — 
hardening — the mineral salt included inside of the body is removable. If it dries after removing 
mineral salt, the porous hardening condensation product with which the free passage hole 
progressed can be obtained. 

the porous hardening condensation product obtained in this way — subsequently — the inside of 
a non-oxidizing atmosphere (a vacua is also included) — the temperature of 400-800 degrees C 
— desirable — the temperature of 450-750 degrees C — it heats and heat-treats to the 
temperature of 500-700 degrees C preferably especially. 

Although the desirable programming rate in the case of heat treatment is therefore somewhat 
different from extent of the aromatic series system condensation polymer to be used or its 
hardening processing, or its configuration, generally, it is possible to consider as a programming 
rate with a room temperature to the comparatively big temperature of about 300 degrees C, for 
example, it is also possible to carry out to 100 degrees C/hour in rate. If it becomes the 
temperature of 300 degrees C or more, since the pyrolysis of this aromatic series system 
condensation polymer will begin and the gas like a steam (H20), hydrogen, methane, and a 
carbon monoxide will begin to occur, it is advantageous to carry out a temperature up at a rate 
late enough. 

Heating and heat treatment which an aromatic series system condensation polymer requires are 
performed to the bottom of a non-oxidizing atmosphere. Non-oxidizing atmospheres are nitrogen, 
an argon, helium, neon, a carbon dioxide, etc., and nitrogen is used preferably. Even if this non- 
oxidizing atmosphere is standing it still and it is flowing, it does not interfere. 
In this way, 0.6 to 0.05 and the porous organic semiconductor of this invention which has the 
poly acene system skeletal structure of 0.5-0.15 preferably, and has the free passage hole of 10 
micrometers or less of average apertures, for example, the free passage hole of 0.03-10 
micrometers of average apertures, are obtained for the atomic ratio (henceforth a H/C ratio) of 
a hydrogen atom / carbon atom by the above-mentioned heating and heat treatment The 
porous organic semiconductor of this invention is insoluble and infusible nature. Moreover, the 
atomic ratio (ratio of O/C) of an oxygen atom / carbon atom is usually 0.03 or less preferably 
0.06 or less. Moreover, according to the X diffraction. (CuOalpha), the location of the Maine peak 
is expressed with 2theta, and exists among 20.5-23.5 degrees, and the peak of an and also [ it is 
broadcloth ] exists among [ other than this Maine peak ] 41-46 degrees. Moreover, according to 
the infrared absorption spectrum, the extinction quotient of D (= D290O - 2940/D 1560-1640) is 
usually 0.3 or less preferably 0.5 or less. 

That is, it is understood that the above-mentioned insoluble and infusible nature base 
progresses uniformly [the polycyclic structure of the benzene of the poly acene system ] 
between the poly acene system molecules and moderately. 

According to this invention, the porous organic semiconductor which doped the electron- 
donative dopant, the electronic receptiveness dopant, or the dopant of these both to the above- 
mentioned insoluble and infusible nature base is. offered similarly. 

According to this invention, by the heat treatment object of the aromatic series system 
condensation polymer which is the condensate of the aromatic hydrocarbon compound and 
aldehydes which have the (A) phenoJic hydroxy! group Namely, ******, (a) The atomic ratio of a 
hydrogen atom / carbon atom carries out owner Perilla frutescens (L.) Britton var. crispa 
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(Thunb.) Decne. of the poly acene system skeletal structure which are 0.6-0.05, and has the free 
passage hole of 10 micrometers or less of (b) average apertures, (c) The porous organic 
semiconductor characterized by consisting of the porous insoluble and infusible nature base in 
which the three-dimension network structure is shown through many free passage holes and (B) 
electron donor dopant, and/or an electronic receptiveness dopant is offered. 

The matter from which it is easy to separate an electron as an electron-donative dopant is used, 
the [ for example, / of the periodic table like a lithium, sodium, a potassium, a rubidium, or 
caesium ] — 1 A group metal is used preferably. 

As an electron-donative dopant a tetrapod (C1 - C4 alkyl) ammonium cation, for example, 
(CH3), 4N+ or (C4H9) 4N+ can be used similarly. 

Moreover, the matter which is easy to receive an electron as an electronic receptiveness dopant 
is used, oxide [ of the nonmetallic element like halogen;AsF5 like a fluorine, chlorine, a bromine, 
and iodine, PF5, halogenated compound;S03 like BF3 BCI3, BBr3, and FeCI3, or N 205 ]; or H2 - 
- the anion originating in S04, HN03, or the inorganic acid like HCI04 etc. is used preferably. 
[ for example, ] 

As the doping approach of this dopant, the same approach can essentially be used with the 

doping method conventionally used about polyacethylene or polyphenylene. 

For example, when a dopant is alkali metal, the alkali-metal naphthalene complex and insoluble 

and infusible nature base which were made to be able to contact the steam of the fused alkali 

metal or alkali metal and an insoluble and infusible nature base, and could dope, and were made 

to generate for example, in a tetrahydrofuran are made to be able to contact, and can also be 

doped. 

When a dopant is a halogen, a halogenated compound, or the oxide of a nonmetallic element, it 
can dope easily by making these gas contact an insoluble and infusible nature base. 
When a doping agent is an anion originating in an inorganic acid, therefore, an inorganic acid can 
be carried out to direct-applying or making an insoluble and infusible nature base sink in. 
Moreover, an insoluble and infusible nature base is set as an electrode, and it is also possible 
electrochemically to dope electronic receptiveness dopants, such as electron-donative dopants, 
such as a lithium and sodium, or CI04- and BF4-. 

Since the insoluble and infusible nature base of this invention is a porous body which has a free 
passage hole like the above, it has the outstanding advantage which makes easy diffusion of the 
gas dopant like the above, or the dopant in a solution, and enables quick and uniform doping. 
Generally, to the repeating unit of an aromatic series system condensation polymer, a doping 
agent is ten - five mols or more in rate, and it is used so that it may exist in the organic 
semiconductor of this invention obtained. 

The organic semiconductor of this invention obtained in this way increases by several times 
thru/or 1010 times from electrical conductivity, for example, the insoluble and infusible nature 
base before doping, higher than the electrical conductivity (for example, 10-12~102ohm-1 and 
cm-1) of the insoluble and infusible nature base before doping. When an electron-donative 
dopant is doped, a n~type semiconductor is given, and when an electronic receptiveness dopant 
is doped, a p type semiconductor is given. According to this invention, an electron-donative 
dopant and an electronic receptiveness dopant can also be used together as a dopant When 
these dopants are mostly intermingled in the porous organic semiconductor of this invention at 
homogeneity, therefore, it becomes the dopant of the direction which there is much either and 
exists with p mold or n mold. For example, when many electron-donative dopants exist, it 
becomes n mold, and it becomes p mold when many electronic receptiveness dopants exist 
[Function and Effect of the Invention] 

the porous organic semiconductor of this invention — thermal resistance and oxidation 
resistance — excelling — **** — moreover, the shape of a film, tabular, and cylindrical ** — 
since considering as arbitrary configurations is possible, it is the high ingredient of practicality. 
For a ********** reason, a fluid tends to go [ the insoluble and infusible nature base with which 
the porous organic semiconductor of this invention has the poly acene system skeletal 
structure ] three-dimension network structure in and out freely to details through this free 
passage hole through a free passage hole. The average aperture of a free passage hole is as 
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detailed as 10 micrometers or less, and is ****** of an aperture, i.e., the sharp porous body of 
pore size distribution. Moreover, since an average aperture can obtain 0.1 micrometers and from 
a very detailed porous body to the porous body whose average aperture is about 1 0 
micrometers, using properly according to an application is possible. 

It is used suitable for the electrode material of a cell etc. possible [ also advancing quickly 
various kinds of chemical reactions produced in an interface using the detailed free passage hole 
of the porous organic semiconductor of this invention ]. Moreover, since various kinds of 
physical adsorption is also smoothly produced in homogeneity, therefore, change of the electrical 
conductivity of ****** is produced in adsorption of the property as a semi-conductor, and the 
gas of**** intermediary, H20, and 02 grade. Therefore, the apparent density of the porous 
organic semiconductor of this invention which can be suitably used as sensor material is usually 
0.3 - 0.8 g/cm3. If it puts in another way, it is included by the porous organic semiconductor of 
this invention from a porous body with high porosity to a porous body with comparatively low 
porosity. Although the mechanical strength of a porous body therefore changes to apparent 
density, it has reinforcement practically sufficient also by this invention porous body of 0.3 
g/cm3, for example, moreover, an insoluble and infusible nature base with the poly acene system 
skeletal structure in the porous organic semiconductor of this invention — for an intermediary 
**** [ from ] reason, since it excels in chemical resistance and moreover has detailed free 
passage pore, it is suitable also as ** material used under a severe condition. 
As mentioned above, since the porous organic semiconductor of this invention is excellent in 
thermal resistance and oxidation resistance and moreover has detailed free passage pore, it is an 
organic semiconductor which electronic receptiveness or an electron-donative dopant can dope 
to homogeneity quickly, and since the configuration of the arbitration excellent in the mechanical 
strength, such as the shape of a film and tabular, can be taken, it is a useful ingredient on 
industry applicable in many fields. 

In addition, in this specification, the average aperture of a free passage hole is measured as 
follows, and is defined again. 

About a sample, an electron microscope photograph is taken by 1000 to 10,000 times. The 
straight line of arbitration is drawn in this photograph, and if the number of the holes which 
intersect that straight line is set to n, an average aperture (**) will be computed by the following 
formula. 

n 

Z I i 
d = - ■ — 

71 

71 

2 1% 

Here, li is die length cut with the hole with which a straight line crosses, % = 1 

However it is the sum of the this die length about the hole of n ** cut and n is the number of 
the holes which intersect this straight line, n shall take ten or more values. 
Therefore, it explains in full detail in the example below. 

Example 1 (1) The water solution which mixed a water-soluble resol (about 60% concentration) / 
zinc chloride / water at a rate of 10/25/4 by the weight ratio was formed on the glass plate by 
the film applicator. Next, as a glass plate was put on the water solution which formed membranes 
and moisture did not evaporate, it heated for 1 hour and was made to harden at the temperature 
of about 100 degrees C. After dilute hydrochloric acid washed the obtained hardening film, 
therefore, the phenol resin hardening porous body of the shape of a film of about 200- 
micrometer thickness was obtained to rinse and make it dry next 

This phenol resin hardening porous body was put in all over the SHIRIKO knitting electrification 
furnace, the temperature up was carried out at 40 degrees C/hour in rate in the nitrogen air 
current, it heat-treated to 600 degrees C, and the film-like porous body of insoluble and infusible 
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nature was obtained. When the electrical conductivity of this porous body is measured by the 
direct-current 4 terminal method, it is 10-7 (omegacm)-l, and it is ******. Moreover, apparent 
density is the film which is 0.40 g/cm3 and was excellent in the mechanical strength, and is 
****** Moreover, the atomic ratio of a hydrogen atom / carbon atom is 0.34 about elemental 
analysis about this film at ****** and the time, and it is ******. Moreover, the configuration of 
the peak acquired from the X diffraction was a pattern which originates in the poly acene system 
skeletal structure, the broadcloth Maine peak existed near 20-24 degree by 2theta t and the small 
peak was checked near 41-46 degree. 

Next, in order to observe the pore condition of this film-like semi-conductor, the electron 
microscope photograph of a film cross section was taken. It is shown in Fig. 1 . It is the porous 
body which has detailed free passage pore 10 micrometers or less by three-dimension network 
structure so that clearly from Fig. 1 , and is ******. 

(2) The tetrahydrofuran solution of sodium naphthalate was created using the tetrahydrofuran, 
naphthalene, and metallic sodium which were dehydrated next All over the dry box, it was 
immersed and the film-like semi-conductor described above in this solution was doped also to 
the room temperature for about 1 hour. After washing in the tetrahydrofuran which dehydrated 
after that, it dried under reduced pressure for about 10 hours. The electrical conductivity of a 
dried sample is about 10—1 (ohm— cm)— 1, and is ******. 

Examples 2-5 (1) It heats to the various predetermined temperature which carried out the 
temperature up of the phenol resin hardening porous body of the shape of a film of about 
200micro thickness obtained like the example 1 at about 30 degrees C/hour in rate under the 
nitrogen air current with the SHIRIKO knitting electric furnace, and showed it in the 1st table, 
and is ****** about heat treatment. It is ****** about elemental analysis and measurement of 
electrical conductivity about the obtained porous semi-conductor film. A result is shown in the 
1 st table. 

(2) the room temperature after putting in these semi-conductor films all over vacuum Rhine next 
and making a degree of vacuum into about 10 to 2 torrs — iodine gas — Rhine — introducing — 
doping — about 10 — minute room line ** **. The electrical conductivity at this time is shown 
in the 1 st table. 

It is ** and ** to be distributed over homogeneity when the distribution condition of iodine is 
investigated by EPMA (electron Micron analyzer) about the cross section of a film-like sample 
where these iodine was doped. 

m i * 



M 


(°C) 




(ft - cm)- 1 


K— tf y # 
(ft • an)~ l 


2 


500 


0.60 


lO" 12 


io- B 


3 


550 


0.42 


10 -i2 


10" 4 


4 


730 


0. 18 


10° 


10' 


5 


780 


0.08 


10 1 


10* 



Therefore, electrical conductivity increased to doping of iodine sharply. 
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(a) *^M^/M^M^©M^J:b*S0. 6-0. 0 
( b ) 1 0 /i m«T©flffl?l*J$%. fUt 

( c ) ^soaijL^uT 3 yjeagg^^^-r , 
c s»*i 3 3 *.mm^-/&tmjjz+ <r>wf-vc& o . 5 ~ 

0 . 15 -C&£!t$f*Fft*cD3Sfflfj| 1 ^{cffi*6©£?Ltt* 
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[If ^4 3 ¥^?LS0. 0 3- 1 0 Mm<3D3HSt©ai! 

[i*#J15 3 KSM^- (O) /6£*t)F,^ (C) ©jg£?tt 
#0. 0 6iyTr&£tf UTHz>^#te1tii£*rT£, 

C»*J|j6 3 -f* A. «. mmx 

[ M&B 7 3 (A) 71/ - Af£*»*& WT S SrWBi 

m&-£#v-?--<Dmi£wm-e&-oT. (a) *«m^/ 

^SMTCDMT tb^ 0 . 6-0. 0 5-C&l.iJi'J7-b> 
3i#tStftiS£WL ( b ) 1 0 ym«T©iI5I?L 

Zft%> (c) ^S©iSil?L%/M-,-C3^7nffla 



(2) 



#&¥6 - 2 0 1 2 3 



( B ) H^H^t* F FRO'/* fcWH^Stt F 
w<> F 

[W*fl 9 3 m^^tt Fwoni")?^, y- f y 

Csf *a i o ] n^-t^tt f-^ > f &r v 7 ( c, - 
c-,ffiftr;i/*JiO 7>*~?A#**>r-*-s*H i Fij| 
5R©i5HHI 7 4tClB»0*?L1£tt«££M*. 

[fi^Jll 1 ] ***§ttF->Oh**A s F s , P 
F s . BF,. BC1,. B B r FeC 1 .OjliS^P 

moon 1 2 ] m^s^tt f-^-> vifiv -ym. mm. 
mm. Bvm<Dim% ^ay^-c&zmmx&rammi 20 

H 1 o s <Dim%#&m5cm<Dmit®im*H,so,> hno 

* SttftHWOSiHar 7 JItclB»©*?Ltt»«£¥igf*. 
[f^©f¥Jffl&i&93] 

{ajE0-r£C£#fflit-C&t), Xn^-SWipS!©^ 
WKfcRg^3ttri,>fc. 40 

«to. L/*>fecne.©^(*{cs^«^i4F-^>h* 
or niiswipsofififtits c i^Difgt 

&ofc„ *©J:^ttWflM£jj»»©f<sSt«il / 'C. *y7 
•fe=FU>*5£,S„ C©W&*2g<*tJiftl 0" 5 (Q-c 
m) " ' ©SM£aiS£?r0ri>-5#, 1 2 . AsF,f 

©m^^ftt K h A ?>tHiL i > Na^©m^et 
K£;MtHtfr±£ -escort, lO'-iO' (Q- 50 



on) ^©e^eAitff.nri,^,, icwjrtfu 
>tti^ft±orK{b$ftm^£#<fcS„ c©/c«6^ 
Ot^ci #Eltr-£> 0 . xgfcttf* tLttt^ 

S/c, #IM£[5]— ffiiSA©aOTt7^&!|#$iHg5 8 - 1 
3 6, 6 4 9tSiKB, (A) mm. *3£fc<£: D^SI 

#>£j&&7?#gu&$§£* y ^-©fsyats^i-c &or . ?k 
mffi^/etrnm^Dm+bbw o . 6 o ~ o . 15 ©*■ y 

7 ZT^^m&mtet. (B) 

fl^-t^tt F- f> ^ffOXttST^tt F - f> yjfdi 
*>6^0 . (C ) F-:?'©i£«{*J: ») fe 

±B^*Ftttt»*tt. W&ttWIStfbttCcilftrte 
fj. L*«»±EOi4s»3*^«^ttF-tr>i^ra*4C» 
Um^mt F - fc* > d^Kc <fc o r F-t>:W5Jfj£-c 

■2.. ^1/4*56, ±IB&IIfJ£&K»:£?Lt±a{*.i>>£t> 

or tt-fe^ 5 -y z&fiibibZitAapm&jitb&lm^ 
nrfco. or* < (DJcmsm-cKmstx 

rt, 

0*»Ott#fc. Ifflfttt. »M D D ptt(cMnfc*ftt4W<14i 

s. 

•r setters. 

*mw<»2 zicttxDmmix. «^gttF-^> Ffcj: 

* tc B*^-SStt F — ' < > F £ F - tT > y O fc 
-S C i IC&Z. 

FPi©ai^r$>^^#^ss^^ y v-©s^ 
®s%ir*or. 



(3) 



- 2 0 1 2 3 



(a) *jR»^-/ft*JR-?OJR-?-tta6«0. 6-0. 0 5 
r&4* y7*>&#t&#££WU tOT 

(b) ¥£)?L& 1 0 w mJaTct>aa?L*J*%. 

4. 

#0 





cct. xfciy'yiJfn^hMtc. 0, 1XB2T 

£>4. 

^ i ✓ S*#»igHb!K*{fc^ft© 1 

*y WX.ltys.s- ;l/4*^U>4«h;UArA'? : b 

k 4 ©*8£«r? * z$m!%mm# * c 4 

fc-C#4„ 

SfcTJl-rb Kil/rB**A7Aft F©*tt6r. 
T-fe hTJl/fb K. :7;W7 5-;U©in£-e-©fl&©rH'? r 
b K *>&JB-f4 C 4#T# 4#. *AA7^ft 
jfrC*4. • *;l>A7Jb:rb Hat^54LT 

tt. y*5-'^§Dail^-^M!£W*ft6©1t£^© 

-r4c4#-c*4. 

^^©^icg^bum-^ifeu ^(D&ccmimz 

-8 0 o'c©assrjjn^L^a-rs. 

-c* ►) . Wx.tiig{bSI8. y >m+ F'jf a, *Kfb# 
y ^AfescHJ^t^y-i'A^-c*^, c*i6©5%£ 

!ta©0iix.«2. 5- 1 ommfe<Dm-em^zct&-c$ 50 



4. TR«fc Dil>&t»*TttSmtt*Wf S^?lte«U:fc 

(Dmmic <tor mtfjMWBoo . 1-11 

i«l 0 0, 0 0 0- 1 0 OHz>?*VX©£!i^SrWT 
£*ig&«®^&£!C£ffiUiA£*'K mtf5 0-2 0 0 

•c©-sgtc»n^sn4„ c©jii*i©isl *js««f©*^ 
K*jt»r*nJW«-&««3:*l«»**wc»>»R:«8fbl/. £{b 

4*-c#4„ iii«tt*i»*ufc©-fe(e*-r4 4aaiL© 

#B5\ (J^1*£j*>#tf) 0 0-8 0 0"C©jg 

e. Sfau<«4 5 0-7 5 o°c©aa. 1fKjt?£L< 
«5 0 o~7 0 o'c©jass-cjaM§n, M^asn 
4. 

«WBffl©K8©»*n.>»aaaa:. temT&n&m&a 
^y-7-, xii-?-©rob«&a©fig*4c>«-?-©«5i7v 
iftc «t-^r^iJ>tis-r 4#. — neui^s^e. 300 "cfi 

S©SS * -CtttblSltt A# 4 T 4 C 4 # njflg 

x-$>K>mz.Mi oo-c/Bf^©iie4-r^c4 4>pjtg-c 

&4. 3 0 0"C£Lk©«JS«cte4 4. M3?#®I^SS^ 

y-^-©«i^w*«Bi«ji/. (h i o) . 7k^. > 

— ffiHl^gS©&fc#'x#f££U&si>4/c«> < ^ 
5f««eKll*«i«yv-o!)*>*>4»u». #jaaB. ^^<b 
7^3*>, 'v'J'JA, ^^->, — M(b^f;^ 

. (felT. H/Cit4l^) *5 0 . 6-0. 0 

5. WSL<tJ0. 5-0. 1 5©*'J7t>itM 



i^?LSO. 0 3—1 0 umCDmMll&n-o^ *3£W<D& 

It <0/COJ:t) teiimo. 0 6«T> £?*L><teO. 
0 3«Tt*^ e £/t, X^©5r (CuO a ) (CJiti 
tf k ^> • f~^o{ig(j2 erlbit 2 0. 5 — 

2 3. 5' (DV^CU&ls. Stems <<> • tf-^COfftCC 
4 1-4 6* <DRmcyn- Ffrffecoe- ^#?££T&o 
^/c fS*f«®iR^^^ HMCfctiK, D ( = D 29O0 - 
«.*./D llBQ - li4D ) cDfR^fiit^M^O. 5«T, W 1 

#si u /c 4> © r & & i mm $ n -6 . 
teams na., 

«9<b7^ft Fa<t©tt^«r*i9?«»yK»^#i;^ 
tb» o .6- o .o sv &> a # r *fe >^»«flus* *r l * u 

r (b)¥iWLB 1 0 m m«TO«a?L*^%. ( c ) £ 
(B) *-?fit^(*F-^>FSCf/Sfctt«-fSSttF 

4 N + *>£l>tt (C 4 H 9 ) 4 NT »^CiOT^S c 

«-?-«sttF-^> hi or a 
t^iwit^hi. m*-ixyy& mm. mm. mm 

(DmZ^uyZs ; A s F 5 , PF Sl B F 3 , BC1 3 , B 
Br,, F eC 1 3 CDiD^^P^'>{t^^ ; SO^Sl> 

0 4 , HNO i X«HC 10,<D*0*«H«»tc**-rStt 

^u>*^c»w#y 7xr.u>ccot»rfi£3fcfflii6nr 
F-t>y»i*m«j<cEio*&*«ffl-r&ci3&« 
r#£„ 
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^^F7b FP7"7>tfir^j5S5i±Oi6/cr;u^7';^ 
«^7*u>e*i^^Httt»»ifc«««o«e>r F 

-tr>yT£Ci&-CS£ 0 

io F — fc"> yffltfftffilttc £ Mt A * > r * 

tt. M«K«7^1H1^mcia«^»^c^ 4 td»« 
0#>£c itcj:ortf 5e irt*r*s. 
*/c % ^*:?qMttSf**«fl6i ur-tr;/ h u mswfc3* 
wee u^^a, ^ f y^A^(D«^tt^i4F-^> h 

f — t*> mci fepjfBr* £ 0 
20 F-tr>y%Bitti-r4«nfc«^€rW'rs B 

*< Lr»en**l6W<D*«*«*tt % p-t>5n» 

?2>o **«^ttF-/<>F*F-tr>yufci*«CB 
nS***^*, I^5SffiF-^>F^r F-f>^ 
30 OfciSKttpS^SIft^M.4. *»WCCj:nKF- 
h i brm^«-5t4 F-^*> h i^gft F-'< 
>hi«r— *tCffli>4difc"C#S. cn6CDF-^'> 

^tc«^rta^-^<D^ < ^^cd F h Cc J: 

c*w©ftffl * awn 
40 *jo, ifc^-fjutt, ««. Riw«^ff*flw^Ri-r 

&T»^wttatf**jaan*/M^r 3 *5BBBtt« 
MKoriiifc*, »aa?L*iiursK»^>BiaB4r 

IS*ffl3Cc^?Li*^P,^?LS*si 0 MraSSG>*?Lf*$r 
50 ^fifeT'*>S„ 
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/cSS0^3ilW©« fe X A - XCC fe#J— lc£ D a 

-O. 8 gr/cm 3 -C£>£ 0 »mi-*l«ttfL¥©iSl>£HfL 
«K«:J:oTm>£#, MxtfO. 3g/aii , ©*8« 

«5tt*5^tt«?«§ttF-^> F 

n 

S I i 

d = 

n 

n 

£ i t 
t= 1 

1 

CD (ft6 0%igg) /igfbffilg/* 

*SSfctT?l 0/2 5 /4 <Dffl^rS^U/C7ki§?££:7 

JR 1/ fc7k?£i&± cc # 7 x«*»t**#ai»jfc l ft i > <fc 5 
ttL-afti oo # c<DiaKri«FHiinjJ!Ror8!fts-B-te. 



(5) ^¥6-20 123 

10 

Aft£SR««£*T4 0 X/B^©i8B[r#«BOr, 6 0 

fciC^., 1 0" 7 (Qcm) " 1 r&ofc 0 4fcJi»tt 
«SttO. 40 gr/cm'T'&O, «tS9WffietC«*lfc7 
-fJl/Ar&ofc. &tcU7 ^AKo^TtHR^W^t 
10 o/ciC^^lS^/KSR^OJS^JtttO. 3 4r& 

4 1-46* ^ifiCC/hS&t-^aWIBBStlte.. 

1 0 Mm«T©f^&^fiWL**-r&^?Lftr*o 
fc. 

20 (2) ^CJUbKL/Zc^h^fc: 

tf^JR*- h yjAtB^tt F »; ^ A^^ * YOt- 

L/c. fg«l**4©ll«e^m*to 10-' (Q • cm) 
g8teW2 — 5 

CD XftMl twm^xmdfoZ 0 0 m)¥cd^^;U 
30 AtK07i^"^ttlBiSg{fc^Lf*4^y=i^^ 

ccr t 3 o °c/B#racDSKr-#a l r * i 

C2) ^CCCne>0¥a3Wt^^;l/A4K^-<>*(cA 

/Co ccomvmmfcWEL&ni^icm-r. 

cne»3^ F-t*>^Stifc7^;UAttfiB4CD(tlrffi 
40 {COUTEPMA (xb^FD>'7^D>-7t7 
-/If-) T3^^»«ttft*ai^fc<bC5«9-*C^ 



50 
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(6) ¥f&¥6 - 2 0 1 2 3 
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W&3t$M t$H8 BS 57- 207329 (J P. A) 
#M BS 58- 69234 ( J P, A) 



